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The LNW model

Four parameters

Three parameters Three masses⇔

Lehmann, Newton, Wu, 1996

arguments based on S(3) symmetry

(sign ambiguity)



Mathematical prelude
Three-flavour MSW effect, exponential density



Bahcall 1998







➪



The model

Note i

➪ CP viol.

Quarks:

“A new variant of symmetry breaking for quark mass matrices”

The i can be introduced in either M(d) or M(u) - equivalent



Quarks, cont.:



Quarks, cont.:

← Result of model

LNW solution was 
based on expansion 
in these small ratios

← BABAR



Neutrinos:

Sign of d undetermined



Consider simple limit:

Solution 1: Solution 2:



Allowed region:
a positive

⇔3 real solutions of cubic eqn

2 positive solutions for a 

Solution 1
Solution 2

Neutrino mixing matrix:

Sign of b undetermined

Inspect coefficients:



Rotation matrix Rαi for neutrino case
Two Solutions, also sign ambiguities of b and d (consider ++ below)
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Complication: need also charged-lepton mixing 
matrix

e

μ
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Ue1

Uτ3

ε=i, CP violation
ε=1, no CP violation

Quark case: Solution 1 
considered by LNW

Note: 
U given by mass ratios

Two possible solutions 
for R(l) and two for R(ν)

U=RT(l)diag(ε,1,1)R(ν)



Fits to data
atmospheric data (SK: 2002) - m3 fixed



solar data (2002) - m3 fixed
- point Sun
- exponential densityCl, Ga, SK, SNO



Sum:

Rather good fit!



m1 “poorly” determined

R. Gastmans, P. Osland, T. T. Wu, hep-ph/0210260



CHOOZ data have little impact (on masses)

Fit is already constrained to be 
in region of small Ue3

Procedure A: Hata & Langacker
Procedure B: ignore correlations

Two fitting procedures:



Mixing matrix elements

Sign convention for mixing matrix:
- main diagonal (real case) positive 
  when m1 < m2 < m3
- continuity



• Solution (2,1) preferred (ν: 2, charged leptons: 1)

• ‘b-parity’ negative

• ‘d-parity’: no preference

• CP: no preference

Comments

Degeneracies

For Solution 1 (which is preferred for charged leptons), 
if mass ratios are small, R=1

When R(l)=1, then U=R(ν), and oscillation probabilities are
invariant under d ↔ -d and b ↔ -b



Refinements

• Point source (sun)

• Exponential solar density

• More data (SNO, KamLand, etc.)



Extended sun, non-exponential (Bahcall) density:

Very little effect

with G. Vigdel

masses in meV



Including more recent data (in progress):



Summary
Lehmann-Newton-Wu mass matrix

- describes CKM matrix

- provides economical description of ν oscillations

Accident??

m1 = 0.003-0.004 eV,   m2 = 0.010 eV,   m3 = 0.052 eV, 


